Nature is important in Japanese culture. Many tree species produce diverse fragrances, making Japan's forests a botanical treasure. However, there have been no detailed investigations of the aroma characteristics of trees, a vital factor in forest bathing. Previously, we applied our analytical method to three tree species found mainly in Japan: Chamaecyparis pisifera, Lindera praecox, and Lindera obtusiloba Blume. In this paper, we report investigations of the aroma of Quercus crispula Blume (Japanese oak) using this analysis method. Japanese oak grows mainly in Japan. The odor compounds of Japanese oak were obtained by hexane extraction and monolithic material sorptive extraction and each extracted compound was identified by gas chromatography olfactometry and gas chromatography-mass spectrometry. Comparison of the aromas and compounds in the extracts resulted in the identification of important aroma compounds in Japanese oak: 10 (including eugenol) in the leaves and 15 (including 3-methyl-4-octanolide) in the wood.
Japan has many botanical treasures. Two-thirds of Japan is covered with forest and many trees produce diverse fragrances. Japanese people frequently visit forests and refresh themselves through "forest bathing". The term "forest bathing" refers to the Japanese practice of making relaxed visits to a forest for pleasure or for the various positive health benefits of being in nature.
Volatile compounds in trees have many positive effects, such as decreasing stress and lowering the heart rate [1, 2] . The Japanese Forest Agency is conducting an ongoing scientific survey of the health benefits to humans spending time in the forest and the healing effect of forest bathing [3] . However, the relationship between trees and volatile compounds remains unclear. We therefore require more information regarding the components of plants in the forest to allow more detailed study of the health benefits of forest bathing, but the aroma profiles of many trees have yet to be clarified. We used an analytical method that we developed to investigate the aroma characteristics of three species of trees found mainly in Japan (Chamaecyparis pisifera, Lindera praecox, and Lindera obtusiloba Blume) [4] and previously reported the important components for the aromas of these three tree species [5] (Figure 1 ). In the present study, we used the same method to investigate the aroma of Quercus crispula Blume (Japanese oak).
Japanese oak has a characteristic aroma and is used in many products such as furniture and whisky barrels [6] . However, there have been no studies on its aroma, and thus we focused on the characteristic aroma latent in Japanese oak and the compounds responsible for this aroma.
The aroma of a material is not simply the sum of the odors of the components; the combination of individual components (for example, components having a sweet odor) may form a new odor (process A in Figure 2 ). On the other hand, isolating the components may cause the loss of aromas characteristic of the material [7] (process B in Figure 2 ) due to the complex mechanism underlying an odor [8] . In general aroma analyses, data required for analyzing the factors are obtained for each compound. However, analysis of the components alone is inadequate for exhaustively investigating aromas because the method does not consider the interactions between odor compounds. To address this problem, we proposed a new aroma analytical method, which we call "a method for treating components as a group", instead of using a method for treating single components [4, [9] [10] [11] [12] (Figure 2 ). We have succeeded in elucidating the aroma characteristics of various fragrant plants such as Kaempferia galanga by extracting aroma components [4] . We applied this method in the present study.
Extracts were obtained using two different methods: hexane extraction, and monolithic material sorptive extraction (MMSE). MMSE is a headspace method that is suitable for collecting aroma components and can extract lower boiling point components compared with hexane extraction. Thus, we focused on differences in the boiling points of fragrant components and investigated the relationship between aroma and the components ( Figure 3 ).
We analyzed the aroma using two strategies based on our previously reported method [13] . 1 If the odor of the two extracts is similar, the important components responsible for the aroma are common to both extracts. The term "common" is used when there are similar relative amounts of the component in the two extracts (component c in We obtained two extracts from leaves and wood according to the above strategy. Their odors were different ( Figure 5 ). First, we focused on comparing the odors of Japanese oak leaves and wood ( Figure 6 ) using the assumption that different odors Next, we compared the two leaf and two wood extracts, and the results are summarized in Figure 7 .
Characteristic aromas of Quercus crispula (Japanese oak)
Natural Product Communications Vol. 13 (4) 2018 477 In leaves, the odor of the hexane and MMSE extracts was different. Pentanoic acid (4) was present in only the MMSE extract and eight components (1, 3, 7-12) were present in only the hexane extract, for a total of nine important aroma components. (E)-2-Hexenoic acid (6) was present in both extracts and is important for the odor of leaves because its relative amount was very different in the two extracts based on the second of the two strategies used in the present paper and mentioned above. We thus identified ten aroma components that are important for the aroma of Japanese oak leaves (Figure 8) .
A similar comparative study for Japanese oak wood showed 2-hexanol (13) and an unknown compound (29) present in only the MMSE extract and 13 components present in only the hexane extract (14, 16-18, 20-28) , for a total of 15 important aroma compounds ( Figure 9 ). We thus found candidates for important components of the odor of Japanese oak. It is necessary to understand the relationship between the components of plants and the health benefits of the forest obtained by forest bathing. For example, it was reported that-cadinol has an anticancer effect [14] and eugenol has a relaxing effect [15] . Consequently, we expect that there are significant health benefits from forest bathing in forests containing Japanese oak.
Experimental
Plant material: Japanese oak was collected at the Chichibu Sap Production Cooperative Association in Chichibu, Japan, in 2015. The district of Chichibu, located in the west of Saitama Prefecture, which borders Tokyo, has abundant natural and forested areas containing many tree species. These forests are included in the Forest Agency of Japan's list of one hundred forests in Japan for forest bathing. This compilation of forests is based on the Agency's research into Japanese forests. . Extraction of odorants by hexane extraction: Leaves (30.5 g) were added to flasks containing hexane (600 mL) and stirred at room temperature for 24 h. Removal of the solvent under reduced pressure afforded an oily residue. Extractability: 1.64%. An extract of wood (50.2 g) was obtained using the same procedure. Extractability: 0.12%. MMSE method: Leaves (2.88 g) were added to a vial which was set on a DCC18® disk (GL Science Inc., Tokyo, Japan) and heated at 60°C for 24 h. The disk was extracted with 100 μL of chloroform. Wood (7.3 g) was extracted using the same procedure.
Sensory evaluation:
We proposed a simple sensory evaluation method that focuses on "similar or different", which can be evaluated by non-experts. By doing a simple evaluation, we (nonexperts) could obtain the same results as previously reported by experts in sensory evaluation [4, [16] [17] [18] . In this research, we conducted the same evaluation as previously reported by evaluating similarities between the hexane and MMSE extracts using a sevenmember non-expert panel.
Gas Chromatography-Olfactometry (GC-O):
A GC-353 gas chromatograph (GL Science Inc., Tokyo, Japan) equipped with a flame ionization detector, OP275 olfactometry port (GL Science Inc.) and an InertCap Pure-WAX (30 m × 0.25 mm I.D., film thickness of 0.25 μm, GL Science Inc.) column was used. Helium was used as the carrier gas. The temperature program was 40°C (5 min) to 250°C (30 min) at a rate of 4°C/min. The injector temperature was 250°C.
Gas Chromatography-Mass spectrometry (GC-MS): GC-MS was performed on a SCION SQ 456-GC/MS System (Bruker Daltonics Inc., Billerica, MA) using electron impact ionization. The other conditions used were as described for GC-O analysis.
